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Objective: The aim of this study was to establish a neurovascular safety zone for surgical
access in the middle third of the clavicle, by means of dissection on cadavers.
Methods: Twenty shoulders were dissected in 10 cadavers, with deep dissection of the middle
third of the clavicle. The following structures were identiﬁed: subclavian vein, upper trunk
of  the brachial plexus (anterior and posterior divisions) and suprascapular nerve. These
structures were marked out in order to measure their distances from the most proximal
point of the middle third of the clavicle.
Results: The mean distances from the middle third of the clavicle to the suprascapular nerve,
subclavian vein, upper trunk, anterior division of the upper trunk and posterior division of
the upper trunk were respectively, for the right side: 15.92 cm, 10.77 cm,  23.68 cm, 14.60 cm
and  15.42 cm; and for the left side: 12.69 cm; 9.82 cm; 22.19 cm;  12.16 cm and 13.46 cm.
Conclusion: There was a statistical difference in the distances to the suprascapular nerve
and  anterior division of the upper trunk, in comparing between the right and left sides. The
closest neurovascular structures to the middle third of the clavicle were the suprascapular
nerve and subclavian vein.
© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.
Zona  de  seguranc¸a  no  acesso  cirúrgico  do  terc¸o  médio  da  clavícula:
estudo  em  cadáveres
Palavras-chave:
Clavícula/cirurgia
r  e  s  u  m  o
Objetivo: Estabelecer uma zona de seguranc¸a neurovascular no acesso cirúrgico do terc¸o
médio da clavícula por dissecc¸ão em cadáveres.
Clavícula/anatomia
Cadáver
Métodos: Foram dissecados 20 ombros de 10 cadáveres, foi feita a dissecc¸ão profunda do terc¸o
médio da clavícula e identiﬁcaram-se as seguintes estruturas: veia subclávia, tronco superior
do  plexo braquial (divisão anterior e posterior) e nervo supraescapular. Essas estruturas
foram demarcadas para mensurac¸ão de suas distâncias até os pontos mais próximos do
terc¸o  médio da clavícula.
 Work developed in the Hospital do Servidor Público Estadual de São Paulo, São Paulo, SP, Brazil.
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Resultados: A distância média do terc¸o médio da clavícula ao nervo supraescapular, à veia
subclávia, ao tronco superior, à divisão anterior do tronco superior e à divisão posterior do
tronco superior foi, respectivamente, do lado direito: 15,92 cm; 10,77 cm; 23,68 cm; 14,60 cm
e  15,42 cm; do lado esquerdo: 12,69 cm; 9,82 cm; 22,19 cm; 12,16 cm e 13,46 cm.
Conclusão: Houve diferenc¸a estatística entre as distâncias do nervo supraescapular e a
divisão anterior do tronco superior comparativa entre os lados direito e esquerdo. As
estruturas neurovasculares mais próximas ao terc¸o médio da clavícula foram o nervo
supraescapular e a veia subclávia.
© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Todos os direitos reservados.
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The mean distances from the middle third of the clavicle to the
suprascapular nerve, subclavian vein, upper trunk, anteriorntroduction
he clavicle has important anatomical relationships with the
ubclavian artery, subclavian vein and brachial plexus, espe-
ially in its middle third, where the curvature is the reference
oint used for accessing these structures. In cases of trauma
nd/or surgery in the middle third of the clavicle, and espe-
ially is situations of fractures that need to be reduced and
xed by means of open surgery, Using synthesis material,
hese structures may become injured because of their anatom-
cal proximity.1,2
The brachial plexus is formed by the roots of C5, C6, C7,
8 and T1. It originates from the cervical spine, heads toward
he upper limbs and passes between the middle and ante-
ior scalene muscles. The roots of C5 and C6 form the upper
runk, from which the suprascapular nerve emerges. Each
runk divides into anterior and posterior portions when it
asses below the clavicle.3
The right subclavian artery is a branch of the brachio-
ephalic trunk and the left subclavian artery is a branch of
he aortic arch. The reference anatomical structure for the
ubclavian artery is the anterior scalene muscle, and this can
e found at the posteromedial border of this muscle or at its
ateral border. The subclavian vein is a continuation of the
xillary vein and extends from the border of the ﬁrst rib to the
edial border of the anterior scalene muscle, where it joins
he internal jugular vein to form the brachiocephalic vein. The
lavicle and the subclavian muscle are located anteriorly to the
ubclavian vein.1
The aim of this study was to establish a neurovascular
afety zone at the surgical access to the middle third of the
lavicle, by means of dissection in cadavers.
ethods
en recently chilled cadavers were selected. Three were
emale and seven were male. Their mean age was 63.6 years
range: 55–73), mean height 1.67 m (1.58–1.73), mean weight
2 kg (40.4–77) and mean BMI  22.1 kg/m2 (16.1–25.65). They did
ot present any congenital abnormalities, signs of trauma or
revious surgery in the shoulders studied. All the dissections
ere performed by the same group of researchers. A pilot
tudy was initially conducted on the four shoulders of twocadavers, before data-gathering was started, in order to study
and gain better knowledge of the local anatomy (Table 1).
The procedures were performed with the cadaver in a
standardized horizontal dorsal decubitus position, with a pad
under the ipsilateral scapula and the upper limb in neutral
position. Using a surgical pen, the superﬁcial anatomy of the
clavicle and the acromioclavicular and sternoclavicular joints
was marked out on the skin. A transverse incision was made in
the skin along the entire length of the clavicle and the muscle
layers were dissected, with exposure of the subclavian muscle
(origin and insertion). Its relationship with the middle third of
the clavicle was demonstrated using markers anteroinferiorly
(Fig. 1).
After exposure of the muscle, the clavicle was divided into
three thirds and deeper dissection of the middle third was
performed. In this, the following neurovascular structures
were identiﬁed: subclavian vein, upper trunk of the brachial
plexus (anterior and posterior divisions) and suprascapular
nerve. These structures were demarcated using colored mark-
ers and the distances to the closest point of the middle third
of the clavicle was recorded using a Kingtools® 150 mm digital
pachymeter (Fig. 2).
For the statistical analysis, the paired Wilcoxon test was
used. The signiﬁcance level adopted was 5% and the software
used for the analysis was SAS version 9.2.
ResultsFig. 1 – Demarcation of the middle third of the clavicle and
the subclavian muscle (white markers).
272  r e v b r a s o r t o p . 2 0 1 5;5 0(3):270–273
Table 1 – Description of the samples, ages, heights, weights and BMI.
Sample Mean Standard deviation Median
Age (years) 10 63.6 5.5 62.5
Height (m) 10 1.67 
Weight (kg) 10 62.0 
BMI (kg/m2) 10 22.1 
Fig. 2 – Pink marker: suprascapular nerve; green marker:
upper trunk; white marker: posterior division of the upper
trunk; yellow marker: anterior division of the upper trunk;
the subclavian vein was closer to the middle third of the clav-white arrow: subclavian vein.
division of the upper trunk and posterior division of the upper
trunk on the right side were, respectively: 15.92 cm;  10.77 cm;
23.68 cm;  14.60 cm;  and 15.42 cm;  and on the left side: 12.69 cm;
9.82 cm;  22.19 cm;  12.16 cm;  and 13.46 cm.Table 2 presents the results from the measurements made
between the middle third of the clavicle and the neurovascular
structures studied.
Table 2 – Means, standard deviations, medians and p values of
middle third of the clavicle.
Sample Mean 
Right suprascapular nerve 10 15.92 
Left suprascapular nerve 10 12.69 
Difference 10 3.23 
Right subclavian vein 10 10.77 
Left subclavian vein 10 9.82 
Difference 10 0.95 
Right upper trunk 10 23.68 
Left upper trunk 10 22.19 
Difference 10 1.50 
Right anterior division 10 14.60 
Left anterior division 10 12.16 
Difference 10 2.44 
Right posterior division 10 15.42 
Left posterior division 10 13.46 
Difference 10 1.96 
a Measured in millimeters, with statistical difference (p < 0.05).0.06 1.68
11.7 66.0
3.5 22.9
Discussion
The number of indications for surgical treatment of fractures
of the middle third of the clavicle has increased over the
years because of better understanding of the biomechanics
and function of the clavicle, the greater number of prospective
studies demonstrating comparative results and the modern-
ization of synthesis materials for ﬁxation of these fractures.
Today, some types of shortening and deformities are no longer
acceptable.4–9
According to Iannotti et al.6 treatment of fractures of the
middle third of the clavicle through placement of a plate on
its upper surface presented biomechanical advantages and
facilitated surgical access. However, Kloen et al.7 demon-
strated that iatrogenic lesions of the neurovascular structures
below the clavicle occurred more  frequently in these types of
osteosynthesis and that the risk diminished when the plate
was positioned anteroinferiorly.6,7
Labrocini et al.10 demonstrated that the branches of the
suprascapular nerve, which are responsible for the sensi-
tivity on the clavicle, and the anteromedial region of the
shoulder and proximal region of the chest are vulnerable in
cases of fractures of the clavicle and their surgical treatment.
According to Sinha et al.4 the structures at greatest risk of
injury during osteosynthesis of the middle third of the clav-
icle are the subclavian vein, subclavian artery, the brachial
plexus and the pulmonary pleura. According to their study,icle than was the brachial plexus, with a mean distance of
12.45 mm.  In our study, the right subclavian vein was at a
mean distance of 10.77 mm and the left at 9.82 mm from the
 the distances between the anatomical structures and the
Standard deviation Median p value
5.32 15.53
13.02
3.75 2.91 0.0273a
3.23 10.49
4.04 8.75
2.27 1.39 0.2754
6.04 22.38
6.41 20.10
2.61 1.74 0.1309
5.76 13.64
4.00 12.67
2.96 2.18 0.0371a
5.16 15.39
3.82 13.17
3.30 2.65 0.1055
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iddle third of the clavicle and was also the closest vascular
tructure.4,10
According to Mouzopoulos et al.8 the association between
ractures of the clavicle and injuries to the brachial plexus is
ell known and usually occurs due to high-energy supraclav-
cular traction. Fractures of the clavicle are associated with
hese events but are not the causal factor. In another study,
y Della Santa et al.9 it was demonstrated that direct trauma
f the brachial plexus caused by fragments of the clavicle
ccurred at low frequency (1%).8,9
Jeyaseelan et al.11 reported that involvement of the supras-
apular nerve is a common ﬁnding in fractures of the clavicle,
ecause this is the structure of the brachial plexus that is
losest to the middle third of the clavicle. Shortening of the
lavicle and mobilization of the fragments of the fracture dur-
ng ﬁxation may cause compression of the brachial plexus, due
o the decreased infraclavicular space. In conservative treat-
ent, the presence of the bone callus may also be the cause
f lesions of the suprascapular nerve, due to compression. In
ur study, the brachial plexus structure that was closest to the
iddle third of the clavicle was the suprascapular nerve.11
Therefore, according to the literature consulted, periclavic-
lar neurovascular lesions are more  associated with surgical
atrogenic lesions than with the trauma itself. In our study,
he neurovascular structures closest to the middle third of
he clavicular and therefore most susceptible to injury in this
egion were the suprascapular nerve and subclavian vein,
espectively. During our dissections, it was also observed that
he subclavian muscle provided anterosuperior protection for
he adjacent neurovascular structures and that it could be
sed as an anatomical reference point for delimiting a “safety
one”.
onclusion
here was a statistical difference in the distances from the
uprascapular nerve and the anterior division of the upper
runk, comparatively between the right and left. The neu-
ovascular structures closest to the middle third of the clavicle
ere the suprascapular nerve and subclavian vein.
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